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Descripti n 


The present invention relates to a method of man- 
ufacturing a ll-VI Group compound semiconductor de- 
vice and a lll-V Group compound semiconductor device 
used as a light-emitting device, for example, a Uv-emit- 
ting laserdiode. blue light-emitting laserdiode. UV-emrt- 
ting diode, or blue light-emitting diode and more specif- 
ically, to a method of manufacturing a low-resistance p- 
type compound semiconductor from a lll-V Group com- 
pound semiconductor and a ll-VI Group compound 
semiconductor from by doping p-type compounds there- 
into as impurities. 

Studies on blue light-emitting elements have been 
generally conducted using ZnSe. which is a ll-VI Group 
compound, SiC. a IV-IV Group compound, or GaN, a III- 
V Group compound. 

Of the types of compounds mentioned above, it was 
recently found that a gallium nitride series compound 
[Ga^^N (where 0Sx§l)J semiconductor exhibits 
excellent semiconductor light emission at room temper- 
ature, and therefore much attention is now being paid 
to the GaN series semiconductor. 

A blue light-emitting basically has a structure in 
which n-type, and Mype or p-type GaN series semicon- 
ductors each represented by general formula 
Ga K A *Lx N (where 0 S x s 1) are stacked in turn on a 
sapphire substrate. 

There are several well-known methods for growing 
a lll-V Group compound, such as the metabrganic 
chemical vapor deposition (MOCVD) method, the mo- 
lecular beam epitaxy method, and the hydride vapor 
phase epitaxy method. As an example, the MOCVD 
method will be briefly described. In this method, a met- 
alorganic compound gas serving as a reaction gas (for 
example, trimethyl gallium (TMG), trimethyl aluminum 
(TM A), or ammonium) is introduced into a reaction con- 
tainer (vessel) in which a sapphire substrate is placed. 
Then, while maintaining the epitaxial growth tempera- 
ture as high as 900*C-1100°C. an epitaxial film of a III- 
V Group compound is grown on the substrate. By sup- 
plying suitable impurity gas during the growth of the fifcn 
according to circumstances, a multaayer made of the n- 
type and p-type lll-V Group compound semiconductors 
can be manufactured. In general, Si is a well-known n- 
type impurity; however in the case of a GaN series com- 
pound semiconductor, there is a tendency for the sem- 
iconductor to exhfctt the n-type characteristics even 
without doping an rHype impurity. Some of the well- 
known examples of p-type impurities are Mg and Zn. 

There can be proposed a method described below, 
as an improved version of the MOCVD method, when a 
Hl-V Group compound semiconductor is directly epitax- 
ial-grown on a sapphire substrate at a high temperature, 
the surface condition of the crystals, and the crystallinity 
will be extremely degraded. In order to avoid this, before 
the compound is grown at the high temperature, an AIN 
buffer layer is formed on the substrate at a temperature 


as tew as about 600*C. and then the compound is grown 
on the buffer layer at a high temperature. The tact that 
th crystallinity of GaN can be remarkably improved by 
the above-mentioned technique is disclosed in Pub- 
5 lished Unexamined Japanese Patent Application No 
2-229476 (US-A-5 122 845). Meanwhile, the authors of 
the present invention disclosed in Japanese Patent Ap- 
plication No. 3-89840 (EP-A-0 497 350). prior to the 
present application, that a gallium nitride compound 
« semiconductor having a better crystallinity can be 
formed when a GaN buffer layer is used than when a 
conventional AtN buffer layer is used. 

However, a blue light-emitting device employing a 
blue-color-emitting element including a GaN series 
compound semiconductor has not yet been developed 
as a practical device. This is because p-type lll-V Group 
compound semiconductor having a sufficiently-low-re- 
sistance cannot be produced by any of the conventional 
techniques, and therefore a light-emitting element hav- 
20 ing various types of structure such as p-type double het- 
ero, single hetero, etc. cannot be manufactured. In the 
case where an epitaxial film is formed by the conven- 
tional chemical vapor deposition method, even if the film 
is grown while doping p-type impurities, it is impossible 
25 to make lll-V Group compound semiconductor charac- 
teristic p-type. And also a semi-insulation material hav- 
ing a high resistivity of 1 0 8 H-cm or higher, i.e. , an i-type 
semiconductor may be obtained. Consequently, at 
present, the blue-light-emitting element having a struc- 
30 ture of the p-n junction diode cannot be achieved, but a 
so-called MIS structure is the only one known structure 
for the blue-color-emitting element, in which structure, 
a buffer layer, an n-type film, and an i-type film are 
formed on a substrate in the mentioned order 
35 Published Unexamined Japanese Patent Applica- 
tion No. 2-257679 discloses a method for reducing the 
resistance of a high-resistance i-type semiconductor as 
little as possible to convert into a type close to a p-type 
one. In this method, a high-resistance i-type GaN com- 
*o pound semiconductor layer into which Mg was doped 
as a p-type impurity is formed on the top of the multilayer 
of the GaN compound semiconductor. Then, while 
maintaining the temperature of the compound not higher 
than 600 # C, electron beams having an acceleration volt- 
age of 5 kV - 15 kV are irradiated on the surface so as 
to reduce the resistance of the layers located in the sur- 
face portion within a depth of about 0.5 urn. However, 
with this method, reduction of the resistance can be 
achieved only up to the point where electron beams can 
so reach a very thin surface portion. Further, in the method, 
the electron beams cannot be irradiated on the entire 
water while scanning the beams, and consequent^ the 
resistance cannot be uniformly reduced in the desired 
surface. Further, this method entails the problem of a 
ss very low reproductoility, i.e.. the resistance vaJue chang- 
es every time electron beam is irradiated to the same 
sample, with this method, it is impossible to constantly 
produce blue-light-emittEng elements having a high effi- 
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ciency. 

A method to grow Mg-doped GaN films which are 
highly p-type is further described in the article of S.Na- 
kamura et al. in Japanese Journal of Applied Physics, 
vol. 30, no. 10A. part 2 (01.10.91), pages LI 708 - L s 
1711. 

Study is being cfirected not only t lll-V Group com- 
pounds: but also to II-V1 Group compounds in order that 
they can be put into practical use. As in the case of the 
GaN compound production method, the chemical vapor 10 
deposition method such as the MOCVD can be used to 
form a ll-VI Group compound semiconductor 

Growth of ZnSe by the MOC VO method will be brief- 
ly described. In this method, a metalorganic compound 
gas (diethylzinc (DEZ), hydrogen selenide (H 2 Se) etc.) >s 
is introduced as the reaction gas into a reaction vessel 
in which a GaAs substrate is placed. Then, while main- 
taining the epitaxial growth temperature at about 350*0, 
ZnSe is grown on the substrate. During the growth, an 
appropriate impurity gas is supplied to the vessel to form no 
an n-type or p-type ZnSe semiconductor. Examples of 
the type of substrate are GaAs and ZnSe. Further, Ct 
is a well-known n-type impurity, and N is a well-known 
p-type impurity. 

However, as in the case of the before-mentioned p- 25 
type GaN compound, a sufficiently low-resistance p- 
type ZnSe compound cannot be produced by this con- 
ventional technique, and therefore a light-emitting ele- 
ment having various types of structure such as double 
hetero, single hetero, etc. cannot be manufactured. In 30 
the case where epitaxial-growing is performed by the 
conventional chemical vapour deposition method which 
doping p-type impurities, the obtained ZnSe compound 
semiconductor will be a compound having a high resis- 
tivity of IC^fixm or higher 55 

The purpose of the invention is to provide an im- 
provement of a method of manufacturing a semiconduc- 
tor element from a ll-VI Group compound or lll-V Group 
compound, which can be obtained by a doping p-type 
impurity thereto, more specifically to a method of man- 40 
ufacturing a low-resistivity p-type GaN compound sem- 
iconductor-element having a uniform resistance value 
overs its entirety regardless of film thickness, and hav- 
ing a structure usable as a light-emitting element with a 
double or single hetero constitution. 45 

According to a first aspect of the invention, there is 
provided a method of manufacturing a p-type gallium ni- 
tride semiconductor element by a vapour phase epitaxy 
method comprising the step of growing a gallium com- 
pound on a support, said support comprising at least a so 
substrate, by using a reaction gas, whereby the reaction 
gas contains a p-type impurity and a source of hydrogen 
atoms, the hydrogen atoms being released from the 
source and bonding to the p-type impurity, characterised 
in that the compound is annealed after growth at a tern- ss 
perature of 400*C or higher. 

According to a second aspect of the invention, there 
is provided a method of manufacturing a p-type ll-VI 


Group compound semiconductor element by a chemical 
vap ur deposition method comprising the step of grow- 
ing a ll-VI Group compound on a substrate by using a 
reaction gas. whereby the reaction gas contains a p- 
type impurity and a source of hydrogen atoms, the hy- 
drogen atoms being released form the source and bond- 
ing to the p-type impurity, and the compound is annealed 
after growth at a temperature of 300°C or higher. 

In accordance with the invention gallium nitride 
semiconductors and ll-VI Group compound semicon- 
ductors, which conventionally cannot be converted into 
low-resistance p-type semiconductors even though p- 
type impurities are doped thereinto, can be converted 
into low-resistance p-type semiconductors with high 
yield. Accordingly, elements having various types of 
structure can be produced at a high yield. 

Further, with the conventional electron-beam irradi- 
ation method, reduction of the resistance can be 
achieved only in the surface portion of the uppermost 
layer. In the invention, the entire portion of the p-type- 
impurity -doped gaDium compound semiconductor or the 
ll-VI Group compound semiconductor can be converted 
into p-type. uniformly within the surface area as well as 
in the thickness direction. In addition, it is possible to 
form thick layers of these semiconductors by this meth- 
od, and therefore blue-light or green-light emitting ele- 
ments with a high level of brightness can be manufac- 
tured. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, ri which: 

Fig. 1 is a graph showing the relationship between 
the temperature for annealing and the resistivity of 
a compound annealed at the temperature; 
Fig. 2 is a graph showing the relationship between 
the wavelength and the relative intensity of the pho- 
toluminescence of the compound semiconductor; 
Fig. 3 is a graph showing the relationship between 
the wavelength and the relative intensity of the pho- 
tolumtnescence of a compound semiconductor hav- 
ing a cap layer; 

Fig. 4 is a graph showing the relationship between 
the surface temperature of a gaDium nitride com- 
pound semiconductor layer during electron-beam 
irradiation and the resistivity thereof annealed at the 
temperature; 

Fig. 5 is a graph showing the relationship between 
the surface temperature of a p-type gallium nitride 
compound semiconductor during electron-beam ir- 
ratfiation and the relative intensity of the photolumi- 
nescence of the compound semiconductor irradiat- 
ed at the temperature; 

Fig. 6 is a graph showing the relationship between 
the surface temperature of a p-type gallium com- 
pound semiconductor having a cap layer during 
electron-beam irradiation and the relative intensity 
f the phototuminescence of the compound semi- 
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conductor irradiated at the temperature; and 
Fig. 7 is a graph sh wing the relationship between 
the annealing temperature of a p-type impurity 
doped ZnSe compound semiconductor layer and 
the resistivity thereof annealed at the temperature. 


The present invention is to provide an rnproved 
method of manufacturing a p-type compound semicon- 
ductor. 

According to the present invention a gallium nitride 
compound semiconductor or a ll-VI group compound 
semiconductor can be manufactured as a p-type com- 
pound semiconductor. 

Further, according to the invention, each layer of the 
compounds is formed by the vapor phase epitaxy meth- 
od, and then the formed layer is annealed at a prede- 
termined temperature, while each layer is irradiated with 
electron beams, with the surface temperature of the lay- 
er being kept at a predetermined temperature. 

The first aspect of the invention provides a method 
of manufacturing a p-type impurity doped gallium nitride 
compound semiconductor by a vapor phase epitaxy 
method, wherein after forming p-type impurities doped 
compound layers, the formed layers are annealed at a 
predetermined temperature. 

In this method, the annealing step is carried out at 
a temperature of 400»C or higher. The annealing tern- 
perature is preferably 600°C-1 200*C. The annealing 
can be performed at over 1200'C, but this may cause 
high cost. In the annealing step, the temperature within 
the above-mentioned range is fixed constant, and the 
time is not less than 1 minute, preferably 10 minutes or 
more. 

Even if the annealing temperature is 1000°C or 
higher, decomposition of the compound can be prevent- 
ed by pressurizing the compound with nitrogen. Thus, 
p-type gallium nitride compound semiconductors each 
having an excellent crystallinity can be stably obtained. 

Fig. i shows a property of a p-type-impurity-doped 
GaN series compound semiconductor, and is a graph 
showing the relationship between an annealing temper- 
ature and the resistance value of the GaN series com- 
pound semiconductor annealed at the temperature. As 
can be seen in Fig. 1, the higfi-resistivity GaN series 
compound semiconductor can be converted into a low- 
resistivity p-type impurity compound semiconductor by 
annealing. In the graph, the resistivity obtained by the 
Hall measurement on the annealed GaN series com- 
pound semiconductor is plotted as a function of the an- 
nealing temperature. The used GaN series compound 
semiconductor was formed by growing a GaN buffer tey- 
er on a sapphire substrate by the MOCVD method, fol- 
lowed by formation of a 4 um-thick GaN layer on the 
buffer layer while doping Mg thereinto as a p-type impu- 
rity. The data plotted on Fig. 1 were obtained as results 
of annealing the substrate having these layers in a ni- 
trogen atmosphere for 10 minutes at various tempera- 
tures using an annealing equipment. 


As is clear from this graph, the resistivity of the Mg- 
doped GaN layer sharply dropped around the point 
where the temperature exceeded 400*C. When the tem- 
perature was increased to higher than 700*C, the GaN 
5 layer exhibited a substantially constant low-f esistivity p- 
type property, indicating the effect of annealing. For 
comparison, the Hall measurement was carried out f r 
a GaN layer before anneaiing and after annealing at 
700°C or higher. Before annealing, the GaN layer had 
'<> a resistivity of 2 X 10* O-cm and a hole carrier density 
of 8 x lO'O/cm 3 , whereas after annealing, the layer had 
a resistivity of 2 acm and a hole carrier density of 2 x 
10 ,7 /cm 3 . Fig. i shows a case of only the GaN layer, 
but it was confirmed that a p-type-impurity-doped 
?5 Ga x Af ^N (0 S x s 1 ) also exhibits a similar result. 

Next, the 4 um-thick GaN layer annealed at 700*C 
was etched to reduce the thickness thereof to 2 urn, and 
the Hall measurement was performed for the GaN layer. 
The result indicated that the GaN layer had a resistivity 
20 of 3 flcm and a hole carrier density of 2 x I0 17 /cm 3 f 
which were very close to those of the same GaN layer 
before etching. From the results, it can be concluded 
that a p-type impurity doped GaN layer having an uni- 
form low resistivity in the entire area and in the thickness 
25 direction, is-obtained by annealing. 

Annealing of the p-type-impurity-doped GaN series 
compound semiconductor layer may be conducted in 
the reaction vessel after forming the layer, or in an an- 
nealing equipment after transferring the substrate hav- 
30 ing the compound semiconductor layer from the reac- 
tion vessel thereinto. 

The annealing may be carried out in a vacuum, or 
in an N 2 atmosphere, or in an inert gas atmosphere of 
He, Ne, Ar or the like, or an atmosphere of a mixture of 
as these gases. Most preferably, the annealing should be 
performed in a nitrogen atmosphere which is pressu- 
rized to a level or higher of the decomposition pressure 
for the GaN compound semiconductor at the annealing 
temperature. With the nitrogen atmosphere pressuriz- 
40 in 9 the GaN compound semiconductor, decomposition 
of the compound and split-off of N therefrom during an- 
nealing can be prevented. 

For example, in the case of GaN, the decomposition 
pressure is about 1 01 3 kPa (0.01 atm) at a temperature 
«5 of 800*C. about 101.3 MPa (1 atm) at 1000»C, and 
about 1013 MPa (10 atm) at 1100'C. Consequently, the 
GaN series compound semiconductor is annealed at 
400°C, some decomposition may occur during anneal- 
ing at 400 8 C. If decomposition occurs, the crystallinity 
so of the GaN compound semiconductor tends to be de-. 
graded. Therefore, as stated before, the decomposition 
can be prevented by maintaining a pressure of the ni- 
trogen atmosphere no lower than the decomposition 
pressure at the annealing temperature. 
55 Fig. 2 is a graph showing the difference in crystal- 
linity between GaN series compound semiconductors 
one of which annealed under a pressurized condition 
and the other under an atmospheric pressure condition. 
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Each GaN series compound semiconductor is prepared 
by forming a GaN buffer layer and a Mg-doped 4 pm- 
thick GaN layer on sapphire substrate, and annealing a! 
1000°C in a nitrogen atmosphere for 20 minutes under 
2027 MPa (20 atm) of a pressurized condition, or in an 
atmospheric pressure condition. The p-type GaN layers 
were irradiated with He-Cd laser beams from He-Cd la- 
ser beam source as an excitation light beam source, so 
as to measure the intensity of photoluminescence as an 
evaluation of the crystallinity. The evaluation is based 
on the fact, i.e., the higher the blue-light-emitting inten- 
sity of the photoluminescence at 450 nm, the higher the 
crystallinity. In Fig. 2, a curve 201 indicates the property 
of the p-type GaN layer annealed under a pressure of 
2027 MPa (20 atm), and a curve 202 indicates the case 
of annealing at atmospheric pressure. 

As is clear from Fig. 2, in the case where annealing 
is carried out at a temperature of 1000°C or higher, a 
GaN layer is decomposed by heat to tend to be degrad- 
ed the crystallinity. However, such heat decomposition 
can be avoided by pressurizing the GaN layer, and thus 
a p-type GaN layer having a good crystallinity can be 
obtained. 

The GaN series compound is preferably represent- 
ed by general formula Ga^f^N (where 0 S x £ 1), or 
represented by general formula I^Ga, V N (where 0 £ 
yai). 

Moreover, a cap layer may be formed on the p-type- 
impurity-doped GaN series compound semiconductor 
layer before annealing so as to prevent decomposition 
of the GaN compound during annealing. The cap layer 
serves as a protective layer. If the cap layer is formed 
on the compound semiconductor followed by annealing 
the compound semiconductor at 400 ft C or higher, de- 
composition thereof can be avoided even if annealed, 
not only in a pressurized state, but also, a pressured- 
reduced condition, or atmospheric condition. Thus, a p- 
type GaN compound semiconductor having a low resis- 
tivity and a high crystallinity can be obtained. 

The cap layer may be formed in the reaction vessel 
following forming the p-type-impurity-doped GaN series 
compound semiconductor. Or the substrate having the 
GaN series compound semiconductor may be trans- 
ferred from the reaction vessel into a crystal growing 
method such as a plasma CVD device or the like, so as 
to form a cap layer on the semiconductor. 

The cap layer may be made of an arbitrary material 
as long as it is formable on the GaN compound, and 
stable even at a temperature of 400*C or higher. Pref- 
erable examples thereof are Ga^A^N (where 0 s x S 
1 ): Gayln^N (where 0 £ y £ 1 ), S^, and SiOj. Which 
is the most preferable material depends upon the an- 
nealing temperature. 

Usually, the cap layer should have a thickness in 
the range of about 0.01-5 u/n. If the cap layer is thhner 
than 0.01 urn, the advantage as a protection layer can- 
not be sufficiently obtained, whereas if thicker than 5 
urn, it takes a lot of work to remove the layer to expose 


the p-type GaN series compound semrconductor after 
annealing, i.e.. not economical. With the conventional 
electron beam irradiation method. GaN tn the upper- 
most layer is decomposed, degrading the crystaOinity. 
s and therefore sufficiently bright light cannot be expected 
from the manufactured blue-light emitting element. 
However, such decomposition of GaN can be effectively 
prevented by the cap layer, blue-light emitting elements 
each having a high brightness can be manufactured at 
'0 a high yield. 

The substrate may be made of. other than sapphire, 
SiC, Si, or the like. 

Examples of the p-type impurity are Zn, Cd. Be. Mg. 
Ca, and Ba. 

15 Fig. 3 is a graph showing comparison with regard 
to crystallinity between a cap-layered GaN compound 
semiconductor conductor and an ordinary GaN series 
compound having no cap layer. As can be seen in this 
figure, a GaN series compound semiconductor having 
» a GaN buffer layer and a Mg-doped 4 pm-thick GaN lay- 
er formed on a substrate (curve 301 ) and the GaN series 
compound semiconductor further covered by a 0.5 pm- 
thick Af N layer as the cap layer (302) are compared with 
each other. Each of the semiconductors was prepared 
2S by annealing it in a nitrogen atmosphere of atmospheric 
pressure at 1000*C for 20 minutes, and etchhg the cap 
layer therefrom to expose the GaN series compound 
semiconductor. Then, the intensity of photolumines- 
cence of each semiconductor was measured. 
30 As shown in Fig. 3, in the p-type GaN layer an- 
nealed without a cap layer, the compound is decom- 
posed greatly in high-temperature annealing (see curve 
301), resulting in a tow intensity of light emission at 450 
nm. On the other hand, in the cap-layer-formed (AfN 
& layer) p-type GaN layer, decomposition occurs only to 
A*N of the cap layer, and the p-type GaN layer remains; 
therefore the light emitting intensity is maintained as 
high as a level of not decomposed low sensitivity p-type 
GaN. 

40 The reason why a low-resistivity p-type GaN series 
compound semiconductor can be obtained by annealing 
is assumed as follows: 

For growing a GaN series compound semiconduc- 
tor layer, NH 3 is generally used as an N source. During 
45 the growth, NH 3 is decomposed to atomic hydrogens. 
These hydrogen atoms bond to Mg, Zn, or the like doped 
as an acceptor impurity to prevent the p-type impurity 
from acting as an acceptor. Therefore, a GaN compound 
semiconductor into which a p-type impurity is doped ex- 
50 htoits a high resistivity. 

However, during annealing after growth of the lay- 
ers, hydrogen bonded to Mg or Zn in the form of Mg-H 
or Zn-H is released therefrom by heat. Thus, hydrogen 
leaves the p-type-impurity-doped GaN series com- 
55 pound semiconductor, and the p-type impurity such as 
Mg or Zn now free from hydrogen can act normally as 
an acceptor. Accordingly, a bw-resistivtty p-type GaN 
series compound semiconductor can be obtained. For 
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gen atoms such as NH 3 . H,. or the .ike during J 
nealmgatmosphereisn tpreferable. Forthasamerea- 

^^^ ,5COTtainin9hydro9enshouW "<« 
oe used for the cap layer. 

eom ^ 8 l 9rOWin9 fte P"^ 6 im P ur "y *P«» compound 
semeonductor layer, electron beams may be irradiated 

face ^r^" 6 ' 0 ' lay9r whil9 ™ i *- w »fl »» <«"- 
lace temperature thereof at 600'C or higher 

a.i J :0 o r n eleC,f0n beam irradia,ion ' electro " beam irradi- 
a^, equ-pmen. (for example. SEM) may be us,* 
wh,ch has a sample chamber, and a heating sta 7e 

STS," w Chamber 11,8 irradia,ion ™y »e carried 
out while heating by such as a heater 

surface temperature thereof at 600'C or higher Other- 
wise, he compound semiconductor may be irradiated 
with electron beams of an acceleration voltage in the 
range oi , kv - 30 kV to maintain the surface tempera 
It' m ?7 P k G3N seri8s compound «•*»*<*» 

at ouo c or higher. 

Fig. 4 is a graph showing the relationship between 

emSfr r Pefa,Ure °' ^ GaN series 'ompoun! 
sem^onductor and .he resistivity in the case where the 

ir^ r ^ ° ndUC,0f is,fea,ed *«" ele *™ "earn 
rradiation. The GaN series compound semiconductor 
layer emptoyed had the structure in which a (SbSe 

Srz r ed " ■ subs,ra,e - - a " M *0°P«" 

type GaN layer was formed on the buffer layer The o- 
.ype-mpur^oped GaN series compound" sernic^- 
doctor layer obtained was irradiated with e.ec^n 
beams having an acceleration voltage of 15 kV Du ino 

the.rradatton.thetemperaturecltheheatingsLeS 
varied, and the surface temperature o, the J£ gTn 

emlT meaSUr6d bV 3 PyrWT,e,er ™ 
emperatu^sandcorrespondingresistrvitiesareplotted 
"the graph shown in Fig. 4. As is clear from Fig. 4 when 
thesurface temperature of the semiconductorlayerwa^ 
somewhere between room temperature and 400'C the 
resstrnty was as high as 10* n«m. AroundTsurface 
,e W'eof400^,tj^ 

and a, 70C-C. . was as L af 2 .0 £TS 
600 C. the resistrvrty was still as high as 200 Ocm and 

zests **' c ' ** 

series compound semtconductor during electron beam 

■rradahon can be performed at over 12CO-CJ,* 2 
rnay cause high cost As stated above, according to the 

ITlT* 1 °' *" « Peeled 
a stable low-resstivity P -type GaN series compound 
semiconductor layer at a high yield. . 

In the meantime, if the electron beam irradiation is 
earned out at a temperature of 600'C or higher, dec^ 
position occurs in the surface portion of the GaN series 
compound semiconductor to forma number of nitrogen 

ST f 9 ' 8 * 19 me c,ys,alfinity * ,he sam ^ 

ductor layer. In order to explain this phenomenon Fig 


10 


5 shows the relationship between the surface tempera- 
^ 'frepHtype GaN series compound semiconductor 

s^of photoluminescence. Here, ontoap-type GaN lay- 

varwus spot dameters is earned out so as t gradually 
rase the surface temperature of the p-type GaN layer 
Further, at several predetermined temperatures. He-Cd 

and the photoluminescence intensity at 450 nm was 
measured a. each temperature. Thus 5 : Fig.1i s a oZ 
showing the intensity of photoluminescence as a func 
Hon of the surface temperature of the GaN compound 

« exceed 6 ^C T * ^ ,ha ,emperature 
^T? t ' menSrty 01 blue - |i 9 hl ^^sion 

gradual^decreases.Thereas^whythein.ensi.yofthe 
bfue-hght erosion decreases is that the crystal^ 0 

SJTJ i^^^^^todecomr^sitionof 
GaN n the surface portion. Naturally, a blue light-emit- 
*> tmg element formed using a sample having such a tow 
•ntensity of light emission does not emit bright light 

In consideration of the above, the authors of' the 
present invention found that decomposition of p-type 
GaN dunng electron beam irradiation can be prevented 

GaN layer. The cap layer serves as a protection layer 
tor the , p-type GaN series compound semicc^,* 
The material of this cap layer is arbitrary as long as 

fariy stable at a temperature of 600'C or higher. Pref- 
arable examples of the material are Ga^N (0 s x 
J 1). SGa,^ (0 S y S „. sic,. Si,N 4 . eto. UsuaBy 
Uie cap B yer shoukf have a thickness m the range oi 
abou.o.oi.sum. preferabr/ 0.0,-1 pm. limecapfaye; 
* s thmner than 0.01 um. the advantage as a project^ 

than S um, it takes a lot of work to remove the layer to 
expose me p-type GaN series compound semiconlc 
tor after annealing, i.e.. not economical. 

Fig. 6 is a graph showing the relationship between 
me surface temperature of a cap^ayer-provided p-t£e 
S^nwcc^pound semiconductor, and the intensity 
of photoluminescence in the case where the semicon- 

4S mS%^^ byete,Wbeamirradia, ^A0.C 
Sd« m SH^'^ ed0nlhep - ,y P eGaN «om. 
pound semiconductor as a protection layer, and elec- 
fron-beam irradiation was carried out to the compound 
semiconductor through the cap layer. Then, the caVlay- 

so ^^^^^"^^^P^toluminescence 
SO ntensity of the exposed p-type GaN layer was meas- 
ured. The graph shown in Fig. 6 shows the photolumi- 
nescence intensity as a function of the temperature As 
« apparent from Fig. 6. the intensity of 450 nnXight 
emission was not deteriorated at a temperature of 
600 CP'ovngthat the cap layer acted effectively to 
suppress the decomposition of GaN. 

The reason why a lowresistivity p-type GaN series 
compound semiconductor can be obtained even in the 
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electron beam irradiation at a temperature of 600°C or 
higher is substantially the same as that stated in con- 
nection with the first aspect f the invention. Afthough a 
p-type-impurity-doped GaN series compound semicon- 
ductor exhibits a high resistivity, hydrogen bonded to Mg 5 
or-Zn in the form ol Mg-H or Zn-H is released therefrom 
by heat when the semiconductor is heated over 600*0. 
especially 700*C or higher. Thus, hydrogen leaves the 
p-type-impurity-doped GaN series compound semicon- 
ductor, and the p-type impurity such as Mg or Zn now ro 
free from hydrogen can act normally as an acceptor. Ac- 
cordingly, a low-resistivity p-type GaN series compound 
semiconductor can be obtained. 

The second aspect of the invention is directed to a 
method of manufacturing a p*type ll-Vl Group com- is 
pound semiconductor element by a chemical vapour de- 
composition method, comprising the step of annealing 
the grown compound at a temperature of 300°C or high- 
er. 

As stated, the annealing temperature is preferably 20 
300° C or higher. The annealing step may be carried out 
with keeping an annealing temperature constantly for at 
least 1 minute, preferably 10 minutes or more. 

The annealing may be carried out in a vacuum, or 
in an N 2 atmosphere, or in an inert gas atmosphere of 2S 
He, Ne, Ar or the like, or an atmosphere of a mixture of 
these gases. Most preferably, the annealing should be 
performed in a II Group gas atmosphere, or VI Group 
gas atmosphere, or an atmosphere of a mixture gas 
thereof which is pressurized to a level or higher of the 30 
decomposing pressure for the ll-Vl group compound 
semiconductor, at the annealing temperature. If such 
pressured II Group gas : VI Group gas, or mixture atmos- 
phere is used for annealing the ll-Vl compound semi- 
conductor, decomposition of the compound during an- 35 
nealing can be prevented. 

As in the first aspect of the invention, a cap layer 
may be provided on the p-type-impurity-doped ll-Vl 
Group compound semiconductor layer so as to prevent 
decomposition of the compound by heat. Similarly, the 
cap layer serves as a protection layer. When the cap 
layer is formed on the compound semiconductor, de- 
composition thereof can be avoided during annealing, 
regardless of the pressure state, i.e. not only in a pres- 
surized condition, a pressured-reduced condition, or at- 
mospheric condition. Thus, a p-type ll-Vl Group com- 
pound semiconductor having a tow resistivity and a high 
crystaliinity can be obtained. 

The cap layer may be made of an arbitrary material 
as bng as it is lormabte on the ll-Vl group compound, so 
and stable even at a temperature of 300*C or higher. 
Preferable examples thereof are a ll-Vl Group com- 
pound semiconductor, Si^ 4i and SiOj. Which is the 
most preferable material depends upon the annealing 
temperature. The cap layer, usually, should have a thick- ss 
ness in the range of about 0.01 -5 Mm as in the first and 
second aspects of the invention. 

The p-type impurity may be at least one of N. U and 


O. 

Fig. 7 is a graph showing the relationship between 
the annealing temperature and the resistivity of a ZnSe 
compound semiconductor into which nitrogen atoms (N) 
are doped as a p -typed impurity. As is clear from Fig. 7. 
the ZnSe compound semiconductor layer was become 
a low-resistivity p-type layer by annealing. The ZnSe 
compound semiconductor used here was obtained in 
the following manner. A 4 urn-thick ZnSe was formed on 
a GaAs substrate while doping N into the layer in a 
stream of NH 3 as a source of a p-type impurity. In the 
same manner as described above some samples of 
ZnSe layers were obtained. Thus obtained ZnSe com- 
pound semiconductors were annealed for 1 0 minutes at 
various annealing temperatures respectively in an nitro- 
gen atmosphere. The Hall measurement was conduct- 
ed on the annealed ZnSe compound semiconductor lay- 
er, to obtain the resistivity thereof. The graph shown in 
Fig. 7 shows the resistivity as a function of the annealing 
temperature. 

As is apparent from this figure, from an annealing 
temperature of 300°C on, the resistivity of the N-doped 
ZnSe layer sharply dropped. When the annealing tem- 
perature increased at 400* C or higher, a substantially 
constant low-resistivity p-type property was exhibited, 
indicating the effect of annealing. For comparison, the 
Hall measurement was conducted on a not-yet-an- 
nealed ZnSe layer, and the ZnSe layer annealed at 
400°C or higher. The results showed that the ZnSe layer 
before annealing exhibited a resistivity of 600 ft cm, and 
a hole carrier density of 1 x lO'Vcm 3 , whereas those 
properties of the ZnSe layer after annealing were 0.8 
Ocm, and 1 x 10 18 /cm 3 , respectively. Although this fig- 
ure shows the case of ZnSe. it was found that the similar 
results can be obtained in connection with p-type-impu- 
rity-doped ZnS. CdS. CdSe. or a composite crystal 
thereof. 

Further, the 4 um-thick ZnSe layer annealed at 
400*C was etched to reduce the thickness to 2 pm. and 
the Hall measurement was carried out. The hole carrier 
density and resistivity were 0.7 fl-cm, and 1 x 10^/cm 3 . 
respectively, which were substantially the same as 
those of the layer before the etching. Thus, it can be 
concluded that a p-type-impurity-doped ZnSe layer is 
converted by annealing into a layer having a uniform 
tow-resistivity and p-type properties over the entire area 
and in the thickness direction. 

The second aspect of the invention may further 
comprise the step of irradiating electron beams on the 
grown compound while maintaining a surface tempera- 
ture of said compound at 300*C or higher. 

The surface temperature ts maintained preferably 
at a range of temperature of 400 to 800*C or higher; 
however, when it exceeds 800*C, the compound semi- 
conductor tends to be degraded. 

Electron-beam irradiation is carried out usually at a 
acceleration voltage of 1 kv - 30 kv, and an SEM, EPM, 
etc. may be used as an electron beam irradiation device. 
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An N^Joped ZnSe semiconductor film grown by the 
MOCVO method as same as above was placed in an 
electron beam irradiation device, and irradiated with 
electron beams of an acceleration voltage of 1 0 kV while 
maintaining the surface temperature at 400°C. Before s 
the irradiation, the resistivity and hole carrier density of 
the ZnSe layer were 600 O cm, and 1 x 10 l5 /cm 3 , re- 
spectively, whereas those ol the layer after the irradia- 
tion were 0.8 O-cm, and 1 x l0 ,8 /cm 3 , respectively 

The reason why a low-resistivity p-type ll-VI Group 10 
compound semiconductor can be obtained by annealing 
or electron beam irradiation in the third or fourth aspect 
is assumed as follows: 

For growing a ll-VI Group compound semiconduc- 
tor layer, NH 3 is generally used as a source of N, which is 
serves as a p-type dopant. During the growth, NH 3 de- 
composes to release atomic hydrogen. These hydrogen 
atoms bond to N doped as an acceptor impurity to pre- 
vent N from serving as an acceptor. Therefore, a ll-VI 
Group compound semiconductor into which a impurity so 
N is doped exhibits a high resistivity. 

However, during annealing or after growth of the 
layers, hydrogen bonded to N in the form of Nl-H may 
be released therefrom by heat due to annealing. Thus, 
hydrogen leaves the N-doped ll-VI group compound & 
semiconductor, and such nitrogen now free from hydro- 
gen can act normally as an acceptor. Accordingly, a low- 
resistivity p-type ll-V Group compound semiconductor 
can be obtained. For the reason stated above, naturally, 
use of a gas containing hydrogen atoms such as NHj, 30 
H 2 . or the like during an annealing atmosphere is not 
preferable. 

In the meantime, most preferably, the electron 
beam irradiation may be carried out at an acceleration 
voltage of 1 kV - 30 kV so as to achieve a low resistivity 3$ 
with the highest reproducibility. If the acceleration volt- 
age is lower than 1 kV, the energy of the electron beams 
tends to not have a level sufficient to release hydrogen 
atoms, whereas if it exceeds 30 kV, the electron energy 
gets so large that the sample temperature is raised too <Q 
high even if the emission current is low If the sample 
temperature is too high, the sample itself is broken, mak- 
ing it difficult to control the state of the sample. 

Embodiment 1 45 

A sapphire substrate was wed washed, and placed 
in the susceptor in the reaction vessel. After creating a 
vacuum in the container, the substrate was heated at 
1 050°C for 20 min in a stream of hydrogen gas so as to so 
remove an oxide present in the surface of the substrate. 
Then, the substrate temperature was cooled to 510*C. 
At a temperature of 510°C, TMG gas serving as a Ga 
source was introduced to the substrate at 27 x 1 0* 6 mol/ 
min. , and so were ammonia gas serving as an N source ss 
at 4.0 l/min., hydrogen gas serving as a carrier gas at 
2.0 l/min, so as to grow a GaN buffer layer havhg a thick- 
ness of 20nm on the substrate. 


Thereafter, the supply of tie TMG gas was stopped, 
and the substrate was again heated up to 1 030"C. Onto 
the GaN buffer layer, the TMG gas was again introduced 
at 54 x 10* mol/min, and Cp^Mg (cyclopentadienyl- 
magnesium) gas was newfy added at 3.6 x 10 6 moV 
min for 60 min.. and thus an Mg-doped GaN layer having 
a thickness of 4 pm was grown on the GaN buffer layer. 

After cooling down, the substrate now having the 
above-described layers was taken out of the reaction 
vessel, and transferred hto an annealing device, where 
these layers were annealed in a nitrogen atmosphere at 
atmospheric pressure and 600'C for 20 minutes. 

A Hall measurement was conducted on the an- 
nealed Mg-doped GaN layer. The result indicated that 
the Mg-doped GaN layer had good p-type characteris- 
tics, i.e., a resistivity of 2 n-crr. and a hole carrier density 
of 2 x lO^/cma. 

Embodiment 2 

A GaN buffer layer and Mg-doped GaN layer were 
grown as in Embodiment 1. Then : supply of the Cp^g 
gas was stopped, and a 0.5 um*thick-GaN layer was 
grown thereon as a cap layer 

As in Embodiment 1 . these layers were annealed in 
a nitrogen/argon mixture gas at atmospheric pressure 
and 800°C for 20 minutes in an annealing device. Then, 
etching was performed on the substrate to remove the 
0.5 ujn-thick-cap layer from the surface portion, and 
thus the Mg-doped GaN layer was exposed. A Hall 
measurement was conducted on the annealed Mg- 
doped GaN layer as in Embcdiment 1. The result indi- 
cated that the Mg-doped GaN layer exhibited good p- 
type characteristics, i.e., a resistivity of 2 n-cm and a 
hole carrier density of 1.5 x I0 17 /cm3. Further, the in- 
tensity of blue-light emission of photoluminescence at 
450 nm was about 4 times as much as that of the GaN 
layer obtained in Embodiment 1. 

Embodiment 3 

A GaN buffer teyer and Mg-doped GaN layer were 
grown on a substrate as in Embodiment 1. Then, the 
substrate was transferred from the reaction vessel to an 
annealing device. These layers were annealed in a ni- 
trogen gas at a pressure of 2027 MPa (20 atm), and at 
a temperature of 800 # C for 20 minutes in the annealing 
device. A Hall measurement was conducted on the an- 
nealed Mg-doped GaN layer. The result indicated that 
the Mg-doped GaN layer exhibited good p-type charac- 
teristics, i.e., a resistivity of 2 O-cm and a hole carrier 
density of 2.0 X 10 17 /cm3. Further, the intensity of blue- 
light emission of photoluminescence at 450 nm was 
about 4 times as much as that of the GaN layer obtained 
in Embodiment 1 . 
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A GaN buffer layer and Mg-doped GaN layer were 
grown on a substrate as in Embodiment 1. Then the 
substrate was transferred from the reaction vessel t a 
plasma CVD device, where a 0.5 nm-thick-SiO, layer 
serving as a cap layer was formed on the Mg-doped 
GaN layer. 3 K 

After that, the substrate having these layers thereon 
was put in an annealing device, where these layers were 
annealed in a nitrogen/argon mixture gas at atmospher- 
« pressure and 1000T for 20 minutes. Then, the SO, 
cap layer was removed with hydrofluoric acid to expose 
the Mg-doped GaN layer. A Hall measurement was con- 
ducted on the annealed and Mg-doped GaN layer The 
result indicated that the Mg-doped GaN layer exhibited 
good p-type characteristics, i.e.. a resistivity of 2 Q-cm 
and a hole carrier density of 2.0 x I0 17 /cm3. 

For comparison, an Mg-doped GaN layer was 
formed on a substrate in the same manner as described 
above except that no cap layer was formed. It was found 
that the Mg^Joped GaN layer, with a cap layer formed 
thereon while annealing, exhibited about 20 times as 
much intensity of blue-light emission of photolumines- 
cence at about 450 nm as that of the Mg-doped GaN 
layer annealed without a cap layer formed thereon 


a forward voltage of 5V. at a forward current of 20 mA 
The exhibited Bght-emftting output of the blue-light emit- 
ting diode was as high as never reported before. 

s Control 1 

A light-emitting diode having a similar single hetero 
structure to that of Embodiment 5 was manufactured in 
a similar mannerto that of Embodiment 5 except that in 
Control 1 annealing was not carried out The obtained 
tight-emitting diode exhibited a forward voltage ol as 
nigh as 60V for a forward current of 20 mA. A slight yel- 
bw-l.ke color fight emission was generated, but the di- 
ode was broken as soon as it was turned on. Thus the 
light emission output could not be measured. 

Embodiment 6 


Embodiment 5 

A GaN buffer layer and Mg-doped GaN layer were 
grown on a sapphire substrate as in Embodiment 1 , and 
then supply of the Cp 2 Mg gas was stopped. After that 
TMA gas and SiH 4 (monosilane) gas were newly intro- 
duced at 6 x 10-1* mol/rnin. and 2.2 x i0-«> moUm „ 

respectively, for 20minutesso as to growaO.anm-thick 
^.-doped n-ty P e Ga^A^N layer on the Mg-doped 
GaN layer. 

SupplyoftheTMGgas.TMAgas.andSiH <l gaswas 
stopped, while introducing hydrogen gas and ammonia 
gas, the substrate was cooled down to room tempera- 
ture. Then, the substrate now having these layers was 
transferred from the vessel into an annealing device 
where these layers were annealed in a nitrogen/argon' 
mixture gas at atmospheric pressure and 700»C for 20 
minutes. 

Thus, an element having a single hetero structure 
was obtained, Le.. a p-type GaN layer, and an n-type 
Ga o.»A/ ai N layer were formed on the sapphire 

Ne^apartofn-typeGao^Ntayerwasetched 
by a general method so as to expose a part of p-type 
by*'- "^e". an ohmic electrode is provkted for 
each of the layers, and the element was cut into chip- 
like pieces by a dicing saw. Each of the electrodes were 
taken out from the n-type and p-type layers exposed on 
each chip. Each chip was molded into a blue-light emit- 
ting diode. The obtained light-emitting diode exhibited 
characteristics, i.e.. blue-light emission with a peak 
wavelength at 430 nm, an output power of 90 u.W, and 


A 20nm-thick GaN buffer layer was grown on a sap- 
» phire substrate as in Embodiment i. 

Then, supply of the TMG gas was stopped, and the 
temperature was raised to 1030'C. After that, TMG gas 
was introduced at 54 X 10* mol/min, and SiH 4 (mon- 
osilane) gas was newly introduced at 2.2 X i(r'0 molr 
mm, for 60 minutes so as to grow a 4 urn-thick Si-doped 
n-type GaN layer on the GaN buffer layer 

N ext,supptyoftheSiH 4 gaswasstopped.andwhile 
introducing a stream of Cp 2 Mg gas at 3.6 x 10* molr 
mm for 30 minutes, a 2.0 u-thick Mg-doped GaN layer 
30 was grown. ' 

After that, supply ot the TMG gas and CpjMg gas 
was stopped, and in a stream of hydrogen gas and am- 
monia gas. the layers formed on the substrate were 
cooled down to room tempera- ure. Then, the gas stream 
in the reaction vessel was replaced with that ol nitrogen 
gas. In a stream of nitrogen gas. the temperature in the 
reaction vessel was raised to I000«c. and held at the 
temperature for 20 minutes, to carry out annealing of 
these layers. 

40 A light-emitting diode was made from the element 
so obtained as in Embodiment 4, and the light-emitting 
diode was turned on. The diode generated blue light with 
a light emission peak at 430 nm. and exhibited charac- 
tenstics. i.e.. an output power of 50 nW at 20 mA and a 

45 forward voltage of 4V at 20 mA. 

Controls 

A light-emitting diode having a similar homo GaN 
structure was manufactured in a similar manner to thai 
of Embodiment 6 except that annealing was not carried 
out. The obtained light-emitting diode exhibited a for- 
ward voltage ot as high as 40V at a forward direction 
current of 20 mA. A slight yellow-like color tight emission 
55 was generated, but the diode was broken as soon as it 
was turned on. Thus, the fight emission output could not 
be measured. 

The following are embodiments in the case where 
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the grown GaN compound layer was treated with elec- 
tron beam irradiation. 

Embodiment 7 

As in embodiment 1, a GaN buffer layer havhg a 
thickness of 250A was grown on a substrate. 

Thereafter, supply of the TMG gas was slopped, 
and the temperature of the substrate was again raised 
up to 1030°C. Onto the GaN buffer layer, the TMG gas 
was again introduced at 54 x 10*« mol/min, and CpjMg 
(cyclopentadienylmagnesium) gas was newly intro- 
duced at 3.6 x 10- 6 mol/min for 60 min., and thus an 
Mg-doped GaN layer having a thickness of 4 ujti was 
grown on the GaN buffer layer. 

After cooled down, the substrate now having the 
above-described layers was taken out of the reaction 
vessel, and transferred into an electron beam irradiation 
device, where these layers were irradiated with electron 
beams having an acceleration voltage of 15 kV while 
maintaining the surface temperature of the GaN layer at 
600°C by a heater. 

The Hall measurement was conducted on the elec- 
tron-beam-irradiated Mg-doped GaN layer. The results 
indicated that the obtained Mg-doped GaN layer had 
good p-type characteristics, i.e., a resistivity of 2 Q*cm 
and a hole carrier density of 2 X I0 17 /cm 3 . 

Embodiment 8 

A GaN buffer layer and Mg-doped GaN layer were 
grown as in Embodiment 7. Then, supply of the CpjMg 
gas was stopped, and a 0.1 um-thick-GaN layer was 
grown thereon as a cap layer. 

As in Embodiment 7, these layers were irradiated 
with electron beams in the electron beam irradiation de- 
vice while maintaining the surface temperature of the 
GaN layer at 800°C. Then, etching was performed to 
remove the 0. 1 pm-thick-cap layer from the surface por- 
tion, and thus the Mg-doped GaN layer was exposed. A 
Hall measurement was conducted on the Mg-doped 
GaN layer so obtained as in Embodiment 1. The result 
indicated that the Mg-doped GaN layer had good p-type 
characteristics including a resistivity of 2 fl-cm. Further, 
the intensity of blue-light emission of photolumines- 
cence at 450 nm was about 4 times as high as that of 
the GaN layer obtained in Embodiment i. 

Embodiment 9 

An Mg-doped GaN layer was grown on a substrate 
as in Embodiment 7. Then, the substrate was trans- 
ferred from the reaction vessel to a plasma CVD device, 
where a 0.2 pm-thick Si0 2 layer was formed thereon as 
a cap layer. 

After that electron beam irradiation was carried out 
on the obtained layer, while maintaining the surface tem- 
perature at 800*C in the irradiation device. Then, the 


SOg.cap layer was removed with hydrofluoric acid to 
expose the Mg<toped GaN layer. A Hall measurement 
was conducted on the Mg-ooped GaN layer so obtained. 
The result indicated that the Mg-doped GaN layer had 
* good p-type characteristics, i.e.. a resistivity of as iow 
as 2 O-cm and a hole carrier density of 2.0 x lO^/cm 3 . 
Further, the photoluminescence intensity at 450 nm was 
about 4 times as high as that obtained in Embodiment 7. 

'0 Embodiment 10 

As in embodiment 7, an Mg-doped GaN layer was 
grown on a substrate in a reaction vessel, and the sub- 
strate was transferred into a plasma CVD device, where 
'5 a 0,5 pm-thick Si 3 0 4 layer was formed on the grown lay- 
er as a cap layer. 

By use of an electron beam irradiation device, the 
obtained layers were irradiated with electron beams 
having an acceleration voltage of 15 kV while maimatn- 
tng the surface temperature of the GaN layer at 1000'C 
by a heater. Then, the Si 3 N 4 layer was removed by etch- 
ing to expose the Mg-doped GaN layer. The Hall meas- 
urement was conducted on the electron-beam-irradiat- 
ed Mg-doped GaN layer. The results indicated that the 
25 Mg-doped GaN layer so obtained had good p-type char- 
acteristics, i.e., a resistivity of 2 n-cm and a hole carrier 
density of 2 X 10 17 /cm 3 . 

For comparison, an Mg-doped GaN layer was 
formed on a substrate fri the same manner as described 
30 above except that no cap layer was formed. It was found 
that the Mg-doped GaN layer with a cap layer formed 
thereon had about 15 times as high intensity of blue- 
light emission of photoluminescence at 450 nm as that 
of the Mg-doped GaN layer without a cap layer. 

35 

Embodiment 11 

A 25nm-thick GaN buffer layer was grown on a sap- 
phire substrate as in Embodiment 7. 
40 Then, supply of the only TMG gas was stopped, and 
the temperature was raised to 1030°C. After that. TMG 
gas was introduced at 54 x 1 0** mol/min, and SiH 4 (mo- 
nositane) gas was newly added at 2.2 x 10- 10 mol/min, 
for 60 minutes so as to grow a 4 urn-thick Si-doped n- 
*s type GaN layer on the buffer layer. 

Next supply of the SiH 4 gas was stopped, and while 
introducing a stream of CpjMg gas at 3.6 X 10* mol/ 
min for 10 minutes, a 0.5 u-thick Mg-doped GaN layer 
was grown. 

so After that, supply of the TMG gas and C^Mg gas 
was stopped, and in a stream of hydrogen gas and am- 
monia gas, the layers formed on the substrate were 
cooled down to room temperature. Then, the substrate 
was transferred into a plasma CVD device, where an 
55 Si^caplayerhavingafoickrie^ 

Next as in Embodiment 7, by use of an electron beam 
irradiation device, these layers were irradiated with elec- 
tron beams while maintaining the surface temperature 


10 


19 


EP 0 541 373 B1 


20 


of the layer at 300*0. 

The cap layer was removed by dipping it into hy- 
drofluoric acid, and a part of the p-type GaN layer of the 
element obtained was etched so as to expose a part of 
n-type GaN layer. Then, an ohmic electrode is provided s 
for each of the layers, and the element was cut into chip- 
like pieces by a dicing saw Each of the electrodes were 
taken out from the n-type and p-type layers exposed on 
each chip. Each chip was molded into a blue-light-emit- 
ting diode. The obtained light-emitting diode exhibited io 
characteristics, i.e., blue-light emission with a peak 
wavelength at 430 nm, an output power of 50 u,W at 20 
mA. and a forward voltage of 4V at 20 mA. 

For comparison, another blue emitting element was 
obtained by electron beam irradiation in the same man- is 
ner as above except that no cap layer was provided in 
this case. Using this blue light emitting element, a blue 
light emitting diode was obtained. The results of the 
measurement showed that the Mg-doped GaN layer 
without a cap layer had an output power of 1 0 u.W at 20 20 
mA. 

Although the foregoing describes embodiments of 
Ga^f^N (where 0 s x < 1) compound semiconduc- 
tors, a lll-V Group compound semiconductor according 
to the present invention is not limited to Ga x Af lot N and zs 
a IriyGa^N can also be used. 

The following are embodiments of manufacturing a 
p-type ll-VI Group compound semiconductor. 


Embodiment 13 


Embodiment 12 


30 


A GaAs substrate was well washed, and placed in 
the susceptor in the reaction vessel. After creating a 
vacuum in the container, the substrate was heated at 
600 6 C for 1 0 min. in a stream of hydrogen gas so as to as 
remove the oxidized surface portion of the substrate. 
Then, the substrate temperature was lowered to 350*C. 
While maintaining a temperature of 350°C, in a 60-rni- 
nutestream of DEZ gas serving as a Zn source at 4.0 x 
1 0-* mol/min.. H 2 Se gas serving as an Se source at 1 00 *o 
x 10-* mol/min., and NH 3 gas as a source of N which 
serves as a p-type dopant at 200 x 10* mol/min. and 
hydrogen gas serving as a carrier gas at 2.0 l/min, an 
N-doped ZnSe layer having a thickness of 4 pm was 
grown on the substrate. A Hall measurement was car- 4S 
ried out on the grown N-doped ZnSe layer, and the re- 
sults showed that the N-doped ZnSe layer obtained had 
a resistivity of as high as 600 fl-cm and a Hall carrier 
density of 1 X lOWcm 3 . 

Next, the substrate having the layers thereon was so 
taken out of the reaction vessel, and transferred into an 
annealing device, where these layers were annealed in 
a nitrogen atmosphere at atmospheric pressure and 
400°C for 20 minutes. A Hall measurement was con- 
ducted on the annealed and N-doped ZnSe layer The ss 
result indicated that the N-doped ZnSe layer had good 
p-type characteristics, i.e., a resistivity of 0.8 H em and 
a hole carrier density of 1 x lO^/cm 3 . 


A GaAs substrate having a N-doped ZnSe layer 
grown thereon as in Embodiment 12 in a reaction ves- 
sel, was transferred into an electron beam irradiation de- 
vice, where electron beam irradiation was carried out to 
the grown N-doped ZnSe layer at an acceleration of 10 
kV. A Hall measurement was conducted on the obtained 
N-<icpe6 ZnSe layer. The results indicated that the N- 
doped ZnSe layer had good p-type characteristics, i.e., 
a resistivity of as low as 07 n-cm and a hole carrier den- 
sity of 1 X lO^/cm*. 

Embodiment 14 

An N-doped ZnSe layer was grown on a GaAs sub- 
strate as in Embodiment 12. and then a 0.1 u/n-thick 
ZnSe layer was grown thereon as a cap layer. 

After that, as in Embodiment 12. the substrate ob- 
tained was annealed in an annealing device. Then, the 
surface portion corresponding to a 0.1 u/n-thick layer 
was stripped by etching to remove the cap layer, thereby 
exposing the N-doped ZnSe layer. A Hall measurement 
was conducted on the obtained N-doped ZnSe layer. 
The result indicated that the N-doped ZnSe layer exhib- 
ited good p-type characteristics, i.e. : a resistivity of 0.6 
n*cm and a hole carrier density of 3 X l0 19 /cm 3 . 

Embodiment 15 

An N-doped ZnSe layer was grown on a GaAs sub- 
strate as in Embodiment 1 2, and the substrate obtained 
was transferred from the reaction vessel to a plasma 
CVD device, where a 0.2 Mm-thick-'Si0 2 layer serving 
as a cap layer was formed on the N-doped ZnSe layer 

After that, as in Embodiment 13, onto the entire sur- 
face of the obtained layer, electron beam irradiation was 
carried out at an acceleration of 15 kV. Then, the SiC^ 
cap layer was removed by hydrofluoric acid to expose 
the N-doped ZnSe layer. A Hall measurement was con- 
ducted on the obtained N^toped ZnSe layer. The results 
indicated that the N-doped ZnSe layer had good p-type 
characteristics, i.e., a resistivity of as low as 0.6 Q-cm 
and a hole carrier density of 2.0 x 10 18 /cm 3 . 


Claims 

1 . A method of manufacturing a p-type gallium nitride 
semiconductor element by a vapour phase epitaxy 
method comprising the step of growing a gallium 
compound on a support, said support comprising at 
least a substrate, by using a reaction gas, the reac- 
tion gas containing a p-type impurity and a source 
of hydrogen atoms, the hydrogen atoms being re- 
leased from the source and bonding to the p-type 
impurity, characterised in that the compound is an- 
nealed after growth at a temperature of 400°C or 
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higher. 


2. A method according to claim 1 . characterised in that 
said gallium compound is represented by the gen- 
eral formula Ga^.^N (where O s x S 1 ). s 

3. A method according to claim 1 or 2, characterised 
in that the compound is annealed at a temperature 
in the range of 600*C-1200 8 C. 

4. A method according to claim 1 ,2 or 3, characterised 
in that a cap layer is provided on said gallium com- 
pound before annealing. 

5. A method according to claim 4, characterised in that 
said cap layer is made of at least one material se- 
lected from Ga^l^N (wherein O £ x £ 1), 
InyGa^N (where 0 s y <1 ), AIN, S13N and Si0 2 . 

6. A method according to any preceding claim, char- 
acterised in that said annealing is carried out h a 
nitrogen atmosphere pressurized to the decompo- 
sition pressure of the gallium compound at said an- 
nealing temperature, or higher. 

7. A method according to any preceding claim, where- 
in the support comprises only a substrate, and the 
gallium compound is grown directly on the sub- 
strate. 

8. A method according to any one of claims 1 to 6, 
wherein the support comprises a substrate and a 
buffer layer grown on the substrate, and wherein the 
gallium compound is grown directly on the buffer 
layer. 

9. A method according to claim 8, characterised in that 
said buffer layer is made of GaN. 

10. A method according to claim 7,8 or 9, characterised 
in that the substrate is made of at least one material 
selected from sapphire. SiC, GaAs and Si. 

11. A method accordfcg to any preceding claim, char- 
acterised in that said reaction gas contains at least 
one of a gallium source selected from trimethyl gal- 
lium and dethyl galfium, and an aluminium source 
selected from trimethyl aluminium and diethyl alu- 
minium, an indium source selected from trimethyl 
indium and diethyl incfium, and a nitrogen source 
selected from ammonia and hydrazin. 
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12. A method according to any preceding claim, char- 
acterised in that said p-type impurity is at least one 

of Zn, Cd, Be, Mg, Ca and Ba . 55 

13. A method accortfing to any preceding claim, char- 
acterised in that the gallium compound is irradiated 


with electron beams while maintain hg the surface 
temperature of the compound at S00°C or higher. 

14. A method according to claim 13. characterised in 
that an acceleration voltage is controfled within a 
range of 1 kV - 30 kV in said electron beam irradi- 
ation step. 

1 5. A method according to claim 1 3 or 1 4, characterised 
in that the surface temperature of the gallium com- 
pound is maintained in the range of 60CTC- 1 20CTC. 

16. A method of manufacturing a p-type ll-VI Group 
compound semiconductor element by a chemical 
vapour deposition method comprising the step of 
growing a ll-VI Group compound on a substrate by 
using a reaction gas, wherein the reaction gas con- 
tains a p-type impurity and a source of hydrogen 
atoms, the hydrogen atoms being released from the 
source and bonding to the p-type impurity, and the 
compound is annealed after growth at a tempera- 
ture of 300°C or higher. 

17. A method according to claim 16. characterised in 
that the compound is annealed at a temperature in 
the range of 400*C-1200*C. 

1 8. A method according to claim 1 6 or 1 7, characterised 
in that the annealing is carried out in an atmosphere 
of a II group gas, a VI group gas, or a mixture there- 
of, pressurized to the decomposition pressure of the 
ll-VI group compound at said annealing tempera- 
ture, or higher. 

19. A method according to claim 16,17 or 18, charac- 
terised by further comprising the step of forming a 
cap layer on said compound before annealing. 

20. A method according to claim 19, characterised in 
that said cap layer is made of at least one material 
selected from a ll-VI compound semiconductor, 
Sij^andStO^ 

21. A method accorcSng to any of claims 16 to 20, char- 
acterised in that the ll-VI Group compound is grown 
on a substrate, which substrate is made of at least 
one material selected from GaAs, ZnSe GaP and 
InR 

22. A method according to any of ciaims 16 to 21, char- 
acterised in that the reaction gas contains at least 
one of a II group element source selected from di- 
ethyl zinc, diethyl cadmium and diethyl magnesium, 
and a VI group source selected from hydrogen se- 
lenide and hydrogen sulphide. 

23. A method according to any of ciaims 1 6 to 22. char- 
acterised in that said p-type impurity is at least one 
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of N. Li and O 

24. A method according to any of claims 16 to 23, char- 
acterised in that the II -VI Group compound is irra- 
diated with electron beams while maintaining the 
surface temperature of the compound at 300°C or 
higher. 

25. A method according to daim 24, characterised in 
that the surface temperature of the II- VI Group com- 
pound is maintained in the range of 300*C-1200*C 
in the electron beam irradiating step. 


8. Verfahren nach trgendeinem der Ansp niche 1 bis 
6, wobei der Trager ein Substrat und eine auf dem 
Substrat gezuchtete Pufferschicht aufweist und wo- 
bei die Galfiumverbindung direkt auf der Puffer- 
schicht gezuchtet wird. 

9. Verfahren nach Anspruch 8, dadurch gekennzeich- 
net, daB die Pufferschicht aus GaN hergestellt wird. 

10. Verfahren nach Anspruch 7 : 6 Oder g, dadurch ge- 
kennzeichnet, daB das Substrat aus mindestens ei- 
nem der Stoffe Saphir, SiC, GaAs und Si hergestellt 
ist. 


Patentanspruche 

1 . Verfahren zur Herstellung eines Galliumnitrid-Halb- 
leiterelementes vom p-Typ durch ein Verfahren der 
Epitaxie aus der Dampfphase, enthaltend den 
Schritt des Zuchtens einer Galliumverbindung auf 
einem mindestens ein Substrat enthaltenden Tra- 
ger unter Verwendung eines Reaktionsgases, wo- 
bei das Reaktionsgas einen Storstoff vom p-Typ 
und eine Quelle von Wasserstoffatomen enthalt, die 
aus der Quelle freigesetzt und an den Storstoff vom 
p-Typ gebunden werden, dadurch gekennzeichnet, 
daB die Verbindung nach dem Wachstum bei einer 
Temperatur von 400° Oder hoher getempert wird. 

2. Verfahren nach Anspruch 1 . dadurch gekennzeich- 
net, daB die Galliumverbindung der allgemeinen 
Formel Ga^,.^ {wobei 0 S x s 1 ) entspricht. 

3. Verfahren nach Anspruch 1 oder 2. dadurch ge- 
kennzeichnet, dafl die Verbindung bei einer Tem- 
peratur von 600 9 C-1200 9 C getempert wird. 

4. Verfahren nach Anspruch 1 , 2 Oder 3, dadurch ge- 
kennzeichnet, daB vor dem Tempem eine Deck- 
schicht auf der Galliumverbindung vorgesehen 
wird. 

5. Verfahren nach Anspruch 4, dadurch gekennzeich- 
net, daB die Oeckschicht aus mindestens einem der 
Stoffe Ga^AI^N (wobei Osx S 1 ). In/Sa^yN (wobei 
0 s y s 1 ), AIN, SigN und SiO z hergestellt wird. 

6. Verfahren nach irgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet, daB das Tempern 
in einer Stckstoffatmosphare durchgef uhrt wird, die 
auf den Zersetzungsdruck der Galliumverbindung 
bei der besagten Temperungstemperatur oder hd- 
heren Oruck gebracht ist. 

7. Verfahren nach irgendeinem vorhergehenden An- 
spruch, wobei der Trager nur etn Substrat aufweist 
und die Galliumverbindung direkt aul dem Substrat 
gezuchtet wird. 


75 11. Verfahren nach irgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet daB das Reakti- 
onsgas mindestens eines von folgendem enthalt: 
eine aus den Stoffen Trimethylgallium und Diethyl- 
gallium ausgewahfte GaJIiumquelle und eine aus 
den Stoffen Trimethylaluminium und Diethy (alumi- 
nium ausgewahfte Aluminiumquelle, eine aus den 
Stoffen Trimethylindium und Diethylindium ausge- 
wahfte IndiumqueDe und eine aus den Stoffen Am- 
moniak und Hydrazin ausgewahlte Stickstoffquelle. 
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12. Verfahren nach trgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet. daB der Storstoff 
vom p-Typ mindestens einer der Stoffe Zn, Cd, Be. 
Mg, Ca und Ba ist. 


40 


13. Verfahren nach irgendeinem vorhergehenden An- 
spruch. dadurch gekennzeichnet, daB die Gallium- 
verbindung mit Elektronenstrahlen bestrahlt wird. 
wahrend die Oberflachentemperatur der Verbin- 
35 dung auf 600°C oder hoher gehalten wird. 


14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet. daB bei dem besagten Schritt der Elektro- 
nenstrahJ-Bestrahlung eine Beschleunigungsspan- 
nung annerhalb eines Bereichs von 1 kV - 30 kV ge- 
regeft wird. 

15. Verfahren nach Anspruch 13 oder 14, dadurch ge- 
kennzeichnet. daB die Oberflachentemperatur der 
Galfiumverbindung im Bereich von WO'C-^OO'C 
gehalten wird. 

16. Verfahren zum Herstellen eines eine Verbindung 
von Elementen der II. und der VI. Gruppe aufwei- 
senden Halbleiterelementes vom p-Typ durch ein 
Verfahren chemischen Aufdampfens, enthaltend 
den Schritt des Zuchtens einer Verbindung von Ele- 
menten der II. und der VI. Gruppe aul einem Sub- 
strat unter Verwendung eines Reaktionsgases, wo- 
bei das Reaktionsgas einen Storstoff vom p-Typ 
und eine Quelle von Wasserstoffatomen enthalt, die 
aus der Quelle freigesetzt und an den Storstoff vom 
p-Typ gebunden werden. und wobei die Verbindung 
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nach dem Wachstum bei einer Temperatur von 
300°C Oder hoher getempert wird. 

17. Verfahren nach Anspruch 16, dadurch gekenn- 
zeichnet dafl die Verbindung bei einer Temperatur 
im Beretcfi von 400M 200'C getempert wird. 

18. Verfahren nach Anspruch 16 Oder 17, dadurch ge- 
kennzeichnet, dafl das Tempem durchgefuhrt wird 
m einer Atmosphare eines Gases der II Gruppe 
eines Gases der VI. Gruppe Oder einer Mischung 
daraus, wobei die Atmosphare auf den Zerstzungs- 
druck der aus Elementen der II. und der VI Gruppe 
bestehenden Verbindung bei der besagten Tempe- 
rungstemperaiur oder hoheren Druck gebracht ist. 

19. Verfahren nach Anspruch 16 oder 1 7. gekennzeich- 
net durch ferner enthaltend den Schrrtt des Bildens 
einer Deckschicht auf der besagten Verbindung vor 
dem Tempern. 

20. Verfahren nach Anspruch 19, dadurch gekenn- 
zeichnet, daG die Deckschicht aus mindestens ei- 
nem der folgenden Stoffe hergestellt ist: eine Ver- 
bindung von Elementen aus der II. undder VI Grup- 
pe, Si 3 N 4 und S(0 2 . 

21. Verfahren nach irgendeinem der Anspruch 16 bis 
20, dadurch gekennzeichnet, da(3 die verbindung 
von Elementen der II. und der VI. Gruppe auf einem 
Substrat gezuchtet wird, das aus mindestens einem 
der Stoffe GaAs. ZnSe. GaP und InP hergestellt ist 
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Verfahren nach irgendeinem der AnsprOche 16 bis 
21, dadurch gekennzeichnet, dafl das Reaktions- 
gas mindestens eines von folgendem enthalt: eine 
aus den Stoffen Diethylzink, Diethylcadmium und 
Diethylmagnesium ausge wahrte Quelle fur Elemen- 
te der II. Gruppe und eine aus den Stoffen Hydro- 
genselenid und Hydrogensulfid ausgewahlte Quel- 
le fur Etemente der VI. Gruppe. 


6. 
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23. Verfahren nach irgendeinem der Anspruche 16 bis 

22, dadurch gekennzeichnet daB der Stdrstoff vom 8 
P-Typ mindestens einer der Stoffe N, u und O ist. 4$ 


24 


Verfahren nach irgendeinem der Ansprttehe 16 bis 
23, dadurch gekennzechnet, daO die Vferbindung 
von Elementen der II. und der VI. Gruppe mit Etek- 
tronenstrahlen bestrahft wird, wahrend die Oberfla- 
chentemperatur der Verbindung auf 300»C oder ho- 
her gehaften wird. 


so 9. 


. Proceed de fabrication (fun element sem.<onduc- 
leur au nitrure de gaBium de type p au moyen (fun 
procede cfepitaxie en phase vapeur comprenant 
retape consistant k faire croitre un compose du gal- 
Dum sur un support, (edit support comprenant au 
moms un substrat en utflisant un gaz reactionnel, 
la gaz reactionnel contenam une impurete de type 
P et une source d'atomes cfhydrogene. les atomes 
dTiydrogene etant litres de la source et se liant a 
rimpuretf de type p, caracterise en ce que le com- 
post est recuit apres croissance a une temperature 
de400»Couplus. 

Precede selon la revendication 1 , caracterise en ce 
que ledrt compose" du gallium est represente par la 
formule generale Ga^l^N (ou 0 s x s 1 ). 

Proceed selon la revendication 1 ou 2, caracterise 
en ce que le compose" est recuit £ une temperature 
dans la plage de 600°C a 1 200°C. 

Procede" selon la revendication 1, 2 ou 3, caracte- 
rise en ce qu'une couche de protection est disposee 
sur (edit compose" du gallium avant le recuit. 

Proc6d6 selon la revendication 4, caracterise en ce 
que ladite couche de protection est constitute au 
moms cTune matiere choisie parmi Ga^AI^N (ou O 
* x s 1 ), inyGa, .yN (ou 0 s y s 1 ). AIN, Si 3 N et Si0 2 . 

Procede selon Tune quelconque des revendications 
precedent^ caracterise en ce que (edit recuit s'ef- 
fectue dans une atmosphere d'azote pressurisee a 
la pression de decomposition du compose du gal- 
lium a ladite temperature de recuit ou superieure. 

Procede selon Puna quelconque des revendications 
precedents, dans lequel le support he comprend 
qu'un substrat et le compose du gallium croli direc- 
tement sur le substrat. 

Procede selon Tune quelconque des revendications 
1 a. 6. dans lequel le support comprend un substrat 
et une couche tampon que Ton a fait croitre sur le 
substrat, et dans lequel le compose du gallium croit 
directement sur la couche tampon. 

Procede selon la revendication 8, caracterise en ce 
que ladite couche de tampon est constituee de 
GaN. 
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Verfahren nach Anspruch 24. dadurch gekenn- 
zeichnet, daB die Oberflachentemperatur der Ver- ss 
bindung von Elementen der II. und der VI. Gruppe 
beim Schrrtt der Elektronenstrahl-eestrahlung im 
Bereich von 300*C-1200°C gehaften wird 


10. Procede salon la revendication 7, 8 ou 9, caracte- 
rise en ce que la substrat est constitue <fau moins 
une matiere choisie parmi le saphir, SiC, GaAs et Si. 

11. Procede selon Puna quelconque des revendications 
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primes. cancttiW en ce que (edit gaz r6ac- 
nomal contien, au moins un element pamii un9 

T! .1 9-h * n Ch0isie pami 18 '">«e<hy<ga««im 
et le Aflthylgaiiium, et una source tfaluminium choi- 
s.e parm. le trimemyialumhium et le cfiethylalumi- 
mum. une source tfindium choisie parmi le trime- 
thyfindiumet le diethytindium. et une sourcetfazote 
choisie parmi 1' ammoniac et (hydrazine. 

Sel °" '' Une qu6lCOn< ' u edes "venditions 
preceden.es. caracterise en ce que ladite impurete 
P est au moms un element parmi Zn. Cd, Be Mo 

Ca et Ba. ' ^' 

1 3. Precede selon runs quelconque des revendications 
precedents*. caract6r.se en ce que le compos* du 
gallium est .rradie oar des faisceaux cfelectrons la 

n !??22* 8Urface du comf,osd etanl mainte - 

nue a 600*C ou plus. 

14. Precede selon la revendication 13. caracterise en 
ce quune tension deceleration est rdgulee dans 
une plage de 1 kVa 30 Wdans ladite etepetfirra- 
diation par faisceau tfelectrons. 


2S 


20. Pnxade selon la revendxation 19. caracterise en 
ce que ladite couche de protection est constituee 
aumoms un materiauchoisi parmi un semheonduc- 
teur de compose des Groupes IUV. SijN, et SiOj. 

21. P^selon>unec^elconquedesrevenc5cations 
16 a 20. caracterise- en ce que le compos* des 
Groupes ll-VI croli Sur un subslrat lequel substrat 
est constitu* tfau moins une matiere choisie parmi 
GaAS. ZhSe, GaP et InP. 

22. Prccedeselon rune quelconque des revendications 
16 k 21 caracterise en ce que le gaz reactionnel 
content au moins un element parmi une source 
d un element du Groupe II choisie parmi le diethyl- 
Zinc, le d.ethyleadmium et le diethylmagnesium et 
une source du Groupe VI choisie parmi le selenure 
d-hydrogene et le sulfure tfhydrogene. 

" 23. Procedeselonrunequelconquedesrevencfications 
16 a 22. caracterise en ce que ladite impurete de 
•ype p est au moins un element parmi N, Li et O 
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15. Precede selon la revendication 13 ou u. caracte- 
rise en ce que la temperature de surface du com- 
posd de gallium est maintenue dans la plage de 
600*C a 1 200»C. ^ 

16. Precede de fabrication tfun element semKconduc- 
eur de type p a base tfun compose des Groupes 
ll-VI au moyen tfun precede de depot chimique en 
Phase vapeur comprenant I'etape consistent a faire 
cro.tre un compose des Groupes ll-VI sur un subs- 
trat en utilisant un gaz reactionnel. dans lequel le 
gaz reactionnel contient une impurete de type p et 
une source tfatomes dtiydrogene. les atomes dtty- 
drogene etant liberes de la source et se liant a I'trrv 
purete de type p et le compose est recuit apres 
crossance a une temperature de 300*C ou plus. 

17. Precede selon b revendication 16. caracterise en 
ce que le compost est recuit a une temperature 
dana la plage de 4O0*C a 1 200'C. <j 

18. Precede salon la revendication 16 ou 17. caracte- 
ns* en ce que le recuit est eftectue dans une at- 
mosphere tfun gaz du Groupe II. un gaz du Groupe 
VI ou un melange de ceux-ci pressurise a la pres- 
sor, de decomposition du compose des Groupes ll- 
VI a ladite temperature de recuit ou superieure. 

19. Prccedeselon la revendication 16. i7ou 18. carac- 
Wrise en ce qu'il comprend de plus I'etape consis- 
tant a former une couche de protection sur ledit 
compose avant recuit. 


2S ri^ 88,wrune ^ eleo "«1"edesrevendicatbns 
16 a 23. caracterise en ce que le compose des 
Groupes ll-VI est irradi* par des faisceaux tfeiec- 
irons. la temperature de surface du compose eiant 
maintenue a 300*0 ou plus. 
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Precede selon la revendication 24. caracterise en 
ce que la temperature de surface du compose des 
Groupes ll-VI est maintenue dans la pfege de 
300'C a 1200-C dans retape d'irradiaUon par fais- 
ceau d'eiectrons. 
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